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© A computerized urological diagnostic system for 
use, for example, in preoperative assessment of 
prostatectomy candidates or in therapeutical mea- 
sures in patients (males and females) with voiding 
complaints. The system (10) includes a digital pro- 
cessor (12), a database (14), suitable input/output 
devices (22,24), and flow rate and pressure trans- 
ducers (26:28,30) for measuring the patient's isomet- 
ric detrusor pressure immediately before voiding and 
for measuring the detrusor pressure and the flow 
rate during micturition. These signals are processed 
and displayed to provide the clinician with objective 
data of bladder contractility and urethral resistance 
in order to establish an adequate treatment decision. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of th 
present invention and the advantages thereof, refer- 
ence should be made to the following Detailed 
Description taken in connection with the accom- 
panying drawings in which: 

FIGURE 1 is a simplified block diagram of a 
computerized system for assessing urological 
disorders according to the present invention; 
FIGURE 2A is a flowchart representation of a 
flow rate analysis routine used in the processing 
system of FIGURE 1; 

FIGURE 2B is a flowchart representation of a 
pressure analysis routine used in the processing 
system of FIGURE 1; 

FIGURE 3 is a representative plot of pressure as 
a function of flow rate generated by the control 
program of the present invention; and 
FIGURE 4 is a representative plot of detrusor 
contractility as a function of bladder volume 
during micturition generated by the control pro- 
gram of the invention. 

DETAILED DESCRIPTION 

Referring now to FIGURE 1, a computer sys- 
tem 10 of the present invention comprises a digital 
processor such as an IBM-compatible personal 
computer 12 with appropriate hard disk storage 14 
and associated disk drive 16. A control unit 18 for 
the system 10 is connected to the personal com- 
puter 12 preferably, but not necessarily, via an 
infrared or wireless transmission link 20. The per- 
sonal computer 12 has a conventional video dis- 
play terminal 22 and the system also preferably 
includes a 4-6 channel penwriter 24. The various 
input signals are provided to the system 10 via a 
flow transducer 26 and a pair of (microtip) pressure 
transducers 28 and 30 for measuring intravesical 
and intrarectal pressure. The system includes ap- 
propriate amplifying and other signal processing 
circuitry. To enhance response time, the flow trans- 
ducer 26 preferably measures flow rate directly as 
opposed to deriving the value from volume mea- 
surements. One suitable product is the rotating disk 
transducer, Dantec Model No. Urodyn 1000. The 
flow rate transducer 26 is supported in a suitable 
micturition stand 32. A (peristaltic) pump 34 and 
filling volume sensor 36 are supported on the stand 
32. A reservoir 38 filled with a test fluid, e.g., 
saline, is connected to the pump 34. 

On-line measurement of urodynamic data is 
facilitated in the clinical environment through the 
use of one or more catheters. In particular, if a 
transurethral route is taken, then a pair of catheters 
is required. One catheter is used as a filling cath- 
eter to fill the bladder while the other catheter 



supports the pressure transducer 28. (Actually, the 
pressure transducer 28 is supported on the outer 
end of the catheter and the catheter is made air- 
tight such that an indirect pressure measurement is 

5 effected). The filling catheter, inserted via the tran- 
surethral route, is connected to the reservoir 38 
through the pump 34. In particular, the patient to 
be tested is given a local anesthetic, and the cath- 
eter is inserted via the urethra into the bladder. The 

w second (microtip) pressure measuring catheter is 
also inserted via the urethra into the bladder. Prior 
to micturation, the filling catheter is removed. 

Alternatively, it is possible to use a suprapubic 
route as opposed to the transurethral route, in 

75 which case only one catheter is required. The 
bladder is filled via the suprapubical transcuta- 
neous route by puncturing the bladder with the aid 
of a cystocath, ±2.0 cm. above or below the pubic 
bone, after injection of a local anesthetic into the 

20 skin at the puncture location. As seen in FIGURE 1, 
the catheter is preferably a 9 Fr-PVC suprapubic 
double lumen catheter having a first channel 29 
and a second channel 31. The first channel 29 is 
connected to the saline pump 34 and the second 

25 channel 31 is used to support one of the microtip 
pressure transducers 28. As will be described, the 
invention uses for analysis the subtracted detrusor 
pressure (intravesical pressure minus intrarectal 
pressure). The other pressure transducer 30 is 

30 supported in the patient's rectum and used as a 
measure of intraabdominal pressure, which acts as 
a reference to the intravesical pressure measured 
by the pressure transducer 28. 

The preferred testing protocol is as follows. 

35 Three times in succession the patients bladder is 
filled with saline, at medium filling rate (e.g., 40 
ml/min), via the first channel of the catheter. One 
test may be sufficient as well (i.e., one fill- 
ing/voiding cycle). When the patient experiences 

40 an urge to void, he/she voids into the flow trans- 
ducer 26. Via a switch box that is part of the 
control unit 18, the control program (as will be 
described) is triggered to begin and then cease 
storage of relevant signals. These signals include 

45 pressure and flow rate during micturation or blad- 
der contraction, as well as the isometric detrusor 
pressure just before flow started. If the signals are 
in analog form, they are converted to digital form 
(by a suitable analog-to-digital converter) and 

so stored in the database 14. The penwriter 24 out- 
puts some or all of the monitored signals including 
intravesical pressure (from transducer 28), intraab- 
dominal pressur (from transducer 30), subtracted 
detrusor pressure (the output of transducer 28 mi- 

55 nus the output of transducer 30), flow rate (from 
transducer 26), etc. By recording such signals on 
the penwriter 24, the video display 22 is left free 
for displaying other more pertinent data as well be 
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for a and b are 25 cm (H 2 0) and 6 mm/s, respec- 
tively. The above form of the equation is conve- 
nient because its two adjustable parameters, the 
isovolumetric detrusor pressure and the physiologi- 
cal maximum value of the detrusor shortening ve- 
locity, are normally roughly independent of the 
volume in the bladder. Thus the left-hand side of 
equation A1 is approximately constant for fixed 
contraction strength, irrespective of the volume in 
the bladder, and it also increases with increase of 
P det and/or v det . It is therefore a possible volume- 
independent measure of contraction strength. To 
ensure a value of zero when there is no contraction 
at all, it is appropriate to subtract ab from the left- 
hand side of equation A1. Because Pdet x v det is 
approximately equal to 2 times the external me- 
chanical power developed by the detrusor divided 
by the surface area of the bladder, it is appropriate 
to divide the resulting function by 2tt. The resulting 
measure of detrusor contraction strength is thus: 

WF = [(P det + a) (v det + b) - ab]/27r (A2) 

WF may be considered approximately as the me- 
chanical power per unit area of bladder surface 
developed by the contracting detrusor, modified to 
allow for the finite power necessary to sustain an 
isovolumetric contraction or to shorten at high ve- 
locity under zero load. 

The detrusor shortening velocity variable v det is 
calculated from the equation: 

v det = Q/2[3(V + V,) /*r] M (A3) 

in which the bladder is treated as a thick-walled 
sphere having a lumen of volume V. Q is the 
measured volume flow rate of urine, and V t repre- 
sents the volume of noncontracting tissue enclosed 
by the effectively contracting detrusor tissue near 
the end of bladder emptying. If the bladder is not 
spherical, then v det represents an average velocity 
of shortening of the detrusor circumference. V is 
calculated by integrating Q backward from the end 
of voiding, allowing for any residual urine. In princi- 
ple, the value of P det used in equation A1 should 
be delayed by 0.5-0.8s in order to allow for the 
time delay in measuring Q. 

To calculate WF, approximate median values 
for a and b (25 cm H 2 0 and 6 mm/s), respectively, 
are used. Experimental tests showed that the value 
of WF was not very sensitive to changes in these 
assumed values. Estimates of V, have ranged from 
2 to 50 ml. Changes in this value affect WF signifi- 
cantly one at the end of voidings with little residual 
urine. If too small a value of V t is assumed, WF 
may fluctuate significantly under these circum- 
stances. The anatomically reasonable value of 10 
ml eliminates such artifacts and is used in the 



calculations. 

WF can be used to measure detrusor contrac- 
tion strength during both voiding and filling. During 
filling WF is directly proportional to P de t (see equa- 
5 tion A2). With the assumed value of b, WE (in 
W/m 2 or uW/mm 2 ) is approximately equal to 0.1 
P det (in cm H 2 0). 

Further Considerations Concerning the Above 
w Models 

The more-detailed models describing muscle 
contraction on the basis of cross-bridge interaction 
between actin and myosin filaments developed be- 

75 low can be shown to yield a force-velocity relation 
which is mathematically differently formulated, but 
approximates a hyperbola very closely. Such a 
hyperbolic force-velocity relation is characterized 
by three parameters: F 0 , the intercept with the 

20 force axis, or the maximum isometric force the 
muscle can bare; v max , the intercept with the ve- 
locity axis, or the maximum (unloaded) contraction 
velocity; and aF 0 "\ the degree of curvature of the 
hyperbola. 

25 For the urinary bladder muscle and many other 

types of muscle aF 0 _t is generally found to be a 
constant of approximately 0.25 so that two param- 
eters F D and v max , completely characterize the rela- 
tion between force and shortening velocity of this 

30 muscle. Both variables depend severely on the 
length of the muscle. F 0 depends on muscle 
length, showing a clear optimum "working length" 
of the muscle, and v max shows a similar length 
dependence. In striated muscle these length de- 

35 pendencies are explained by varying degrees of 
overlap of the actin and myosin filaments, which 
directly influence the number of cross-bridges that 
can be formed. 

For smooth muscle a similar mechanism has 

40 been proposed, but since a regular filament ar- 
rangement is lacking in this type of muscle, there 
is no basis for such a mechanism. Indeed a length- 
dependent activation of smooth muscle has been 
proposed to account for the observed length de- 

45 pendencies. Apart from their dependence on 
length, F 0 and v max also depend on the degree of 
activation of the muscle. In an inactive muscle, 
both F 0 and v max are zero, and during the onset of 
stimulation both parameters somehow increase to a 

so maximum that is maintained for some time de- 
pending on stimulus conditions. It is this maximum 
that is representative for the (myogenic) contractile 
properties of the muscle. 

Power itself is not a useful variable to represent 

55 contraction strength as it is zero for zero pressure 
or zero flow rate. As a consequence, the power in a 
very high isometric contraction is zero, as is the 
power in a voiding with high flow rate at (almost) 
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is then entered at step 96, and the U/l parameter 
and such patient data are stored at step 98. 

The routine then recycles to obtain th next 
pressure measurement. 

The URA, U/l and W max parameters have been 
found to possess significant clinical predictive ca- 
pability. A value of URA larger than a predeter- 
mined amount indicates "obstruction" ("OBS"). A 
value less than this amount indicates a non-ob- 
structed ("NOBS") condition. Thus, based on the 
OBS or NOBS conclusion, the clinician can dif- 
ferentially diagnose or separate patients with blad- 
der outflow obstruction from those with detrusor 
contractility failure. Based on clinical evaluations, 
the urethral resistance parameter URA has a sen- 
sitivity of approximately 90% and a specificity of 
97% for this purpose. The U/l parameter, while 
technically a measure of bladder contractility, also 
possesses a significant predictive capability for di- 
agnosing an OBS condition because it effectively 
reflects the isometric detrusor pressure needed to 
overcome an obstruction, and more initial pressure 
will be required if such a condition exists. A value 
of U/l > 54 W/m 2 indicates the presence of obstruc- 
tion, while a value less than this amount makes the 
existence of an obstruction unlikely. 

If both parameters (URA and U/l) are consid- 
ered a straight line according to the equation: 

U/l + 2.58 * URA = 128, 

then such time as plotted separates the OBS from 
the NOBS patients. If both obstruction parameters 
URA and U/l are considered clinical data have 
shown that the confirmation has a sensitivity and 
specificity both of almost 100%. 

A value of W max less than a predetermined 
amount (12.85 W/m 2 ) indicates detrusor contractil- 
ity lower than normal. The W max parameter also 
accurately predicts the likelihood of residual post- 
operative urine in patients with low detrusor con- 
tractility; specifically, if W max is preoperatively less 
than the above-mentioned cutoff value, there is a 
high likelihood of residual urine post-operatively. 
The parameter W max characterizes urinary bladder 
contractility. 

It should be appreciated by those skilled in the 
art that the specific embodiments disclosed above 
may be readily utilized as a basis for modifying or 
designing other structures for carrying out the 
same purposes of the present invention. For exam- 
ple, it is envisioned that other measures of urethral 
resistance and detrusor contractility be used in 
conjunction with the computerized system of the 
present invention. It should also be realized by 
those skilled in the art that such equivalent con- 
structions do not depart from the spirit and scope 
of the invention as set forth in the appended 



claims. 
Claims 

5 1. A method, using a computer processing sys- 
tem, for preoperative assessment of a patient 
having prostatism symptoms or other symp- 
toms associated with voiding disorders upon 
clinical evaluation, the computer processing 

10 system including a digital processor, storage 

means, input means, output means, and pres- 
sure and flow rate transducers for measuring 
the patient's isometric detrusor pressure im- 
mediately before voiding and detrusor pres- 

75 sure and flow rate during voiding, comprising 

the steps of: 

(a) generating a plot of pressure as a func- 
tion of flow rate during voiding; 

(b) adapting a urethral resistance relation to 
20 the plot generated in step (a) to thereby 

generate a urethra resistance parameter 
URA; 

(c) generating a plot of detrusor contractility 
as a function of the patient's bladder vol- 

25 ume during voiding; and 

(d) calculating a maximum extrapolated rate 
of rise of the patient's isometric detrusor 
pressure to thereby generate a contractility 
parameter U/l. 

30 

2. A computerized urological diagnostic system, 
comprising: 

a digital processor for controlling the op- 
eration of the diagnostic system; 
35 storage means connected to the processor 

for storing data; 

pressure and flow rate transducer means 
for measuring a patient's isometric detrusor 
pressure immediately before voiding and de- 
40 trusor pressure and flow rate during voiding; 

a display connected to the digital proces- 
sor for selectively displaying data derived from 
the pressure and flow rate signals measured 
by the pressure and flow rate transducer 
45 means; and 

program control means for controlling the 
digital processor to effect presentation, by the 
display, of the data, the program control 
means including: 
50 first means for generating a plot of de- 

trusor pressure as a function of flow rate dur- 
ing voiding; 

second means for determining an intersec- 
tion of a fitted quadratic curve to the plot 
55 generated by the first means to thereby gen- 

erate a urethra resistance parameter URA; 

third means for generating a plot of de- 
trusor contractility as a function of the patient's 
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4. 



bladder volume during voiding; and 

fourth means for calculating a maximum 
extrapo a^ rate of rise of the palm's ST* 
nc detrusor pressure to thereby generate a 
contractility parameter U/l. 

The diagnostic system as described in Claim 2 
further including input means connected toThe 

nelsVhffl K aVi " 9 firSt and Second ^an- 
nels, the ftrst hav,ng an end in which the 

pressure transducer means is supported 

a reservoir of fluid; and 

sax - — 



20 



S T* SySt6m as described Claim 2 

2 on!" 0 S" 9 3 P9nw * r ,or r «g at 
least one of the pressure and flow rate signals. 25 

6 " 2ere!r?rf^ m ** ' deSCnbed in C,aim 2 

means for generating a plot of flow rate- 
in thTT 3 f0f retrfevin9 pressure data stored 
m the storage means; and 

h«KT ea '!! '° r com P ensa «n9 for a time delay 
between the flow rate and pressure data. 



30 



7. 



wnerefrS J"*" 38 d9SCribed in <**" 2 

«on:rf*! orca,c ^ 

th» I!! 93 ? f0f reCeiving the pressure data and 
the bladder wall contraction velocity and cal- 
culate the bladder contractility strength 

• The diagnostic system as described in Claim 2 
wherein the fourth means of the program con- 
trol means includes: 

thP<T anS f ° r retrieV, ' n9 pressure data from 
the storage means; 

data™ 3 "' fi ' terin9 th9 retri6Ved pressure 

means for generating a pressure-time plot 
of the pressure date as a function of time- 

means for selecting the isometric part of 
the contraction in the pressure-time plot 

means responsive to the selected contrac- 
ts value for calculating a bladder wal. fo£ 

means for calculating a derivative of the 



35 



40 



45 



50 



55 



bladder wall force; 

T anS /° r 9 enera «no a plot of the bladder 
wa l force denvative as a function of the blad- 
der wall force; and 

means for calculating a fixed slope line 
touching the data. 

9 ' LTT? ri26d urol °9 ical/ 9Vnecological diag- 
nostic system, comprising: a 

eratil?! 3 ' ^J™ 65 *" f0r ' COntro,lin 9 th e op- 
eration of the diagnostic system- 

fo r^ a r ,sMnne ^ d,otheprocessor 

for ST 8U * <W,d ,,0W rate transducer «neans 
for measuring a patient's isometric detrusor 
pressure .mmediately before voiding and de 
trusor pressure and flow rate during Ling 

a display connected to the digital proces- 
sor for seiectiveiy displaying data derived fm m 
the pressure and „ow rate signa.s measured 

mean:: a n P d eSSlJre ^ - <™ Sd "- 

din;,r 9ram C ° ntr01 means for controlling the 
d grtal processor to effect presentation, by the 
display, of the data, the program con ml 
means including: " C ntrol 

ated f 'S r6SP0nSiVe ,0 S, '9 nals gener- 

ated by the flow rate transducer means for 
quantifying the patient's urethra, resttanc* 

eratedbTlT 63 " 3 ' reSP ° nSlVe t0 si 9" a| s gen- 
erated by the pressure transducer means for 

quantifying the patient's detrusor contiactiNty 
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